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Abstract 

We consider open strings attached to a moving D p -brane with motion along itself, 
in the presence of the backgrounds B^-Re Id and a U( 1) gauge field A a . The effects of 
the motion of the brane on the open string propagator and on the open string variables 
are studied. We observe that some free parameters appear in the open string variables 
and in the propagator of it. 

PACS: ll.25.-w 

There have been attempts to explain the noncommutativity on D-brane worldvolume 
through the study of open strings in the presence of background fields EL 0- It is known 
that Lorentz boosts act on background fields. This affects the noncommutativity parameter 
and the effective metric of open string. According to these facts, some effects of Lorentz 
boosts on the noncommutative string theory are studied || . 

Instead of Lorentz boosts, one can use the cr-model action of string with velocity terms 
a si- These terms show the velocity of the brane that the ends of open string are on it. 
Some applications of this method are given in the Ref. |5], p]. In this method, the velocity 
of the brane introduces spontaneously to all quantities extracted from the string action, for 
example the noncommutativity parameter, the open string metric, the boundary conditions 
of the open string and its propagator. In this note we consider the motion of the brane along 
itself. For example for membrane we observe that some arbitrary parameters appear in the 
open string variables and its propagator. As expected, for zero speed our results reduce to 
the known cases. 

boundary conditions of open string 

We begin with a a-model action for string that contains B^ v field and two boundary 
terms corresponding to the gauge field 0 and the velocity of the brane || ||J 

S = ^ / e d 2 a(( hw d a X>‘d°X 1 ' - 2ma , e ah B tlv d a X^d b X 1 ') 
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where E is the worldsheet of the open string and <9E is the boundary of it that is at cr = 0. 
Here the open string worldsheet E has the Euclidean metric 5 ab . A a is U( 1) gauge field that 
lives in the worldvolume of the brane and V a is the velocity of the brane. The set {X"} 
specifies the directions of the worldvolume of the brane. Also let the set {-A*} show the 
directions perpendicular to the brane. 

Assume that the background fields g fll/ and B^ v to be constant, with the zero elements 
g a i = B ai = Bij = 0. Furthermore let the field strength of the gauge field A a be constant. 
Vanishing the variation of the action with respect to X M (cr, t) gives the equation of motion 
and the boundary conditions of the string 


(% + %)X‘*(* i t) = 0 , ( 2 ) 

(gopd a XP + gapV^X 5 + 27 Tia'ropdrXp) = 0 , (3) 

(gapdrixP - V^X°) + 27 ria'TapdrXP) = 0 , (4) 

(5X l ) a=0 = 0 , (5) 

where a refers to the spatial directions of the brane, i.e. a ^ 0, and 

X'j.8 — d a Ap — dpA a + B a p , ( 6 ) 


is total field strength. 

Since the transverse coordinates {V*} can be treated trivially, we concentrate only on 
the brane directions. The boundary conditions (3) and (4) can be written as the following 

{S a gd a X p + 2nia'F aP d T X\ =0 = 0 , (7) 

where the matrix S is 

Sa/3 9afi T U) a g i (8) 


and the antisymmetric matrix ui a g is 

^0 a ^a0 QaftV , 

Map = 0 ' ( 9 ) 

Now we use the equation of motion (2) and the boundary condition (7), to obtain the open 
string propagator. 
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open string variables and propagator 

The propagator for the open string can be obtained by solving the equations of motion 


ddg ap {z, z') = —a'G^S^tz - z') , (10) 

where z = r + icr, and G a>3 is the open string metric. Propagator also should satisfy the 
boundary conditions 


(d - 8)g a P(z, z') + 2W(r 1 T)“ 7 (9 + 3)grt(z, z!) 


= 0 


( 11 ) 


The solution of the equations of the propagator can be written as 

g a \z,z') = -a' 


i Q al1 ln(z - z') + 1 ln(z - z') 


+ (-l^ + G^ + ^)ln ( *-*0 

+ Le* 


( 12 ) 


The equations (11) and (12) give the open string metric and the noncommutativity parameter 
as the following 


/ \ a P 

G »d = US + 2 na’ry'SiS - 2^a'T)~ l SQ J , (13) 

G afi = (q-'S- 1 ^ - 2WT)5’ 1 (S + 2na'f)) , (14) 

V /a/3 

/ \ a/3 

Q a<i = -(2Ka') 2 ((S + 2'Ka l F)- 1 F(S-2na.'T)- 1 SQ\ . (15) 


The open string metric G should be symmetric and the noncommutativity parameter 0 should 
be antisymmetric. These imply that the matrix Q should satisfy the following equation 

SQT - J^{SQ) T = ~^—S{Q T - Q)S T . (16) 

27TCT 

The propagator (12) under the exchanges a f3 and z w z 1 , should be symmetric. Therefore 
the matrix Q is symmetric, i.e. 


q t = q. 


(17) 


Since the equations (16) and (17) do not give a unique solution for the matrix Q, some 
arbitrary parameters appear in the open string variables and the propagator of it. In fact 
these free parameters show a class of solutions. 
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According to the condition (17), Q = S' -1 is not an available solution of the equation 
(16), because S is not a symmetric matrix. For zero speed we have Q = g~ 1 . In this case 
the propagator (12) and the equations (13)-(15) reduce to the known cases. 

Since the ordinary DBI action and the noncommutative description of it at zero speed 
and zero held strength are equal the effective open string coupling G s is as previous, i.e. it 
is independent of the speed of the brane. 

By using the equations (13)-(17) and the identity 

<9<9(ln | z — z'\ + In \z — z'\) = z — z') , (18) 

one can verify that the propagator (12) also satisfies the equation (10). 
a' —> 0 limit 

The zero slope limit ( a' —» 0) of this open string system depends on the speed of the 
brane. Since in this limit there are a! ~ and g a g ~ e (where e —> 0), the term u) a g in 
the equation (8) is zero (for zero elements) or goes to zero like e (for non-zero elements). 
Therefore in this limit there is S a p ~ e. From the equations (13)-(15) we have 

G a0 = , (19) 

(27rar)- 

G a g = -(2W) 2 (Q- 1 5- 1 F5- 1 T) a ^ , (20) 

9 ag = (JF-1 sqytf . (21) 


From the equations (16) and (17) we see that the matrix SQ in this limit is finite. Therefore 
the open string metric G and the noncommutativity parameter 6 also are finite. 

When the speed of the brane is non-zero, the equations (16) and (17) impose some 
conditions on the matrices S and T. To see this clearly, we study the following examples. 
Since for the Minkowski spacetime, again the equations (16) and (17) hold, we consider the 
following examples in the Minkowski spacetime. 

Example 1 : D\ — brane 

For Di-brane with speed v along itself, Q is non-zero if there is v 2 det S = 0. Zero speed 
v = 0, is a known case. The case det S = 0, means that the matrix S is not invertible, and 
therefore the open string metric (13) is not invertible. In this case the speed of the Di-brane 

is 


v = ±\[E~Emi . 


( 22 ) 


where the matrix 


-go g 


is the closed string metric. Since — 1 < v < 1, the speed (22) 

g' g\ / 

is available if the elements of the closed string metric obey the condition g$g\ + g' 2 < 1. 
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Example 2 : D 2 — brane 

Consider a D 2 -brane parallel to the XCYLplane, with the speed v along X 1 -direction. 
Let the closed string metric be diag(—g 0 ,gi,g 2 ). The matrix Q is 


Q 


1 q qi q2 ^ 

qi q' q-i 

V q2 qs q" j 


(23) 


If there is an electric field on the brane parallel to the velocity, the element q" is arbitrary. 
The other elements of Q are zero. Therefore Q a/3 , G a/3 and 9 a>3 depend on the arbitrary 
parameter q". 

If the electric field is perpendicular to the velocity, the element q' is arbitrary and g 2 = 
qs = 0. Also there are the following relations between qi , q and q" 


q\ = qv , 

„ ~9o + 3\v 2 

q = - q 


92 

In this case the free parameters q and q' appear on the variables G a @ and 9 af3 . 
For magnetic field perpendicular to the brane, q is arbitrary and 


(24) 


92 = q3 = o , 

9\ / 

qi = — v q , 
go 

q = (1- v )—q . (25) 

9o 92 

These equations imply the variables Q a ^, G a 9 and 9 a/3 depend on the parameters q and q', 
which again are arbitrary. For branes with higher dimensions, more free parameters appear 
in the open string variables and in the propagator. 
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